Polymerase chain reaction (PCR) coupled with direct sequencing of the product of the hexon gene was applied to avian adenoviruses (formerly group I-III). The expected sizes of DNA fragments were successfully amplified by PCR from all of the group I-III avian adenoviruses with our designed primers. The resulting PCR product contained diagnostically relevant hexon sequences that could be used to identify the group and type of avian adenovirus. KEY WORDS: avian adenovirus, hexon gene, PCR.
Birds with avian adenovirus infections may be asymptomatic or show symptoms associated with a variety of clinical and pathologic conditions, including respiratory diseases, marble spleen disease, inclusion body hepatitis, egg drop syndrome, enteritis, and other diseases found in chickens, quails, turkeys, pheasants, geese and guinea fowls [1, 2, 10, 19] . The adenoviruses are nonenveloped icosahedral viruses with a diameter of about 70-100 nm. The genome consists of linear double-stranded DNA varying between 26 and 45 kb depending on the species [5, 6, 9, 26] . Major structural proteins are the hexon and the fiber, which is non-covalently linked to the penton base, a structure named as penton [23] . Among them, the hexon protein is the major capsid protein of the non-enveloped icosahedral virion on which type, group and subgroup-specific determinants are located [16] .
The adenovirus family has recently been divided into four genera based on phylogenetic relationships [7] : Mastoadenovirus (from mammals), Aviadenovirus (from birds), and 2 recently recognized genera, Atadenovirus and Siadenovirus [4] . Analysis of genome arrangements and DNA sequence data has brought about this recent distinction of the Atadenovirus and Siadenovirus.
Among the adenoviruses, 3 groups of viruses were detected from avian species, and they are called group I, II and III, avian adenovirus (AAV), respectively, which reflected the biological diversity [8] . The first group (group I), Aviadenovirus, the so-called fowl adenovirus is comprised of 12 serotypes from chickens, turkeys, and other species that share a common group antigen [4] . The second group (group II), Siadenovirus, consists of the viruses of hemorrhagic enteritis and marble spleen diseases, and the splenomegaly of chicken. The third division (group III), Atadenovirus, contains the viruses isolated from ducks and from chickens with egg drop syndrome-76 (EDS-76) and which only partially share the group I common antigen.
Routine diagnosis of AAV infections is typically carried out by virus isolation in cell culture, histopathology, or observation of the virus particles using electron microscopy. Characterization of isolated viruses by serotyping is often not carried out because many laboratories do not have access to qualify reference materials. To address this problem, we developed a polymerase chain reaction (PCR) method for amplifying these three groups of AAVs, and we applied this method to some field materials from chickens in Japan.
The following reference group I strains of AAV defined by Kawamura [11] were used in this study: Ote (serotype 1), SR-48 (serotype 2), SR-49 (serotype 3), KR-5 (serotype 4), TR-22 (serotype 5), CR-119 (serotype 6), YR-36 (serotype 7), and TR-59 (serotype 8a). The following reference group II strains of AAV were used in this study: Reed and UA-TF [3] . The following reference group III strains of AAV were used in this study: BC-14 and JPA-1/79 [25] . Group I and III AAVs were grown in primary chicken kidney cell cultures. Group II AAVs were reserved as freeze-dried tissue homogenate (liver). Eleven AAV isolates (except JP/ Hyogo/2007, used as tissue homogenate) collected during routine virological diagnosis activity mainly between 1996 and 2007 were also included in the investigation and are listed in Table 1 [14, 15, 17, 21] . Viral DNAs from infected culture fluids or tissue homogenates were extracted using QIAamp DNA Micro Kit (Qiagen Inc., Valencia. U.S.A.). The primers were designed from conserved reported sequences identical to a region of the reported hexon protein gene of group I-III AAVs that included the L1 region, which contained diagnostically relevant sequences that can be used to identify the group and type of avian adenovirus. The following primer set was used in this study: HexF1: 5'-GAYRGYHGGRTNBTG- To identify the group and type of AAV, we directly determined the nucleotide sequences of the generated PCR products. The obtained PCR products of AAVs were purified with Montage (Millipore, Billerica, MA, U.S.A.), according to the manufacturer's instructions. The purified PCR products were used as a template for sequencing on an Applied Biosystems 3100 automated DNA sequencer using dye terminator cycle sequencing chemistry (Big Dye; Applied Biosystems, Foster City, CA, U.S.A.). The purified PCR products were sequenced from both directions. The derived nucleotide sequences were analyzed using GENETYX-Mac ver. 13.0 (Software Development Corp., Tokyo, Japan) and through GenBank searches. The phylogenetic analysis with available sequences from GenBank was conducted using the Clustal X program [22] , and the tree was constructed by the neighbor-joining (NJ) method [20] .
The serotype of isolated group I AAVs was determined by micro neutralization methods [12] . Briefly, the constant virus and varying serum technique was employed in which two hundred 50% tissue culture-infected doses (TCID 50 ) of virus isolate and twofold dilutions of antiserums, starting from 1:20, were used. The neutralization titers were read 1 week after inoculation and determined to reciprocal titers of the highest serum dilution showing 50% of the cytopathic effect inhibition. Group III AAV was identified by conventional hemagglutination inhibition assays.
The expected sizes of DNA fragments were successfully amplified by PCR from all the employed AAV samples in this study with our designed primers (Fig. 1) . The determination of nucleotide sequences of obtained PCR products revealed the diversity of those lengths (776-797 bp). As shown in Table 1 , the results of the identification of field viruses by GenBank searches were almost identical to the results by serological assay in the case of group I and III. In the case of group II AAV (JP/Hyogo/2007), the sequence was identical to that of the Reed strain and most similar to that of a hemorrhagic enteritis virus (HEV) USA strain (Virginia, Accession Number AY849321) with a similarity of 97.3% by GenBank searches. The grouping and typing were supported by phylogenetic analysis (Fig. 2) .
Previously, Xie [24] reported that their method allowed users to amplify all group I-III avian adenoviruses. We applied this method to the AAV employed in this study, but only one type (serotype 1 of group I AAVs) was amplified using their primers, as reported by Meulemans [13] . This failure seemed to be the results of many mismatches in their designed sequence of primers. We also applied another method [18] to the AAV employed, but no amplification product was obtained from FAdV-5 (TR-22 strain). In contrast, the PCR method described in the present study allows one to amplify all group I-III avian adenoviruses without extra visible bands. The genetic diagnosis described here is rapid and technically easy. In some group I AAVs, there exist isolates where serum neutralization cannot clearly differentiate the serotypes [4] . However, genetic differentiation is easy and objective. Therefore, this method would be useful for virological routine diagnosis of all field AAVs. To evaluate our method, we are currently collecting and applying the method to more field materials, with the goal of advancing our understanding of the molecular epidemiology of the AAVs.
